Post-mortem examination of the typical case shows the presence of considerable thickening of the intestinal mucosa which is also usually much wrinkled in appearance. The associated lymphatic glands are enlarged and on section exude a dark, watery fluid leaving lacuna in the structure of the incised gland.
The causal organism is an acid-alcohol-fast bacillus first described by Johne and Frothingham in 1b95; but Twort and Ingram (1913) first succeeded in growing it on an artificial medium. There is no doubt these authors recognized, that unless it was properly studied and adequate steps were taken to prevent its spread, the disease was an exceedingly serious one to the stock-owner. Unfortunately they received little or no encouragement and for some years, apart from attempts at cure, a serious study of the condition did not take place. Meanwhile its spread, a foregone conclusion, continued, and reached such a pass that many farmers have been put out of business on this account alone, losing as many as twenty or more animals a year.
In this connexion it seems appropriate to quote Hagan, who in a pronouncement made last year, said that the disease is slowly but surely spreading among American cattle-a fact that is not sufficiently appreciated.
The organisms are present in the feces of advanced cases and this fact alone will indicate the nature of the problem set the student of preventive medicine in dealing with the condition. On farms where the disease exists the cow byres, pastures and ponds are all potential sources of infection due to contamination by open cases, and consequently become dangers to the healthy members of the herd. The organism is peculiarly resistant to disinfectants and survives in moist surroundings for many months. Sunlight and desiccation appear to retard its growth and may cause its death.
Post-mortenm examination.-In the advanced case the only macroscopic evidences of the disease are those already referred to, but in the early case even thickening and corrugation of the intestinal mucosa may be absent, and the only recognizable signs of disease may be an enlarged and cedematous ileo-coecal valve which may be much inflamed.
So constantly have the causal organisms been isolated from the intestinal wall that at post-mortem examination it has been customary to restrict attention to this region. It has, indeed, been stated by some observers that this site represents the only organs affected, but it is now recognized that this is not the case and that the disease may be much more generalized. Careful routine examination of the lymphatic system of animals dead of the advanced disease has demonstrated clearly that the pharyngeal-and sometimes the submaxillary-glands may harbour the bacillus, and when it is recalled that probably the most common method of infection is by the mouth, this is not remarkable.
It is, I suppose, human nature to harbour feelings of incredulity when statements are made which do not appear to coincide with our own views and opinions, and the publication in 1929, by Alexejeff-Goloff, of the result of his experiments on Johne's disease may be said to be an example. This author stated that from four advanced cases of the disease he had isolated the causal organism from the following organs and body fluids: heart-blood, peripheral vessels, heart muscle, gall-bladder, urinary bladder, ovaries, mesenteric glands, suprarenals, kidneys, liver, and spleen, as well as from the uterus of a cow in the third month of pregnancy. He concluded that the disease on occasion may take the form of a bacteremia in the course of which, in pregnant animals, intra-uterine infection occurs. Such a staterment presupposes the occurrence of congenital cases and this is probably the case as was instanced some months ago in a report (Dunkin, 1935) which described such an occurrence.
Diagnosis. The diagnosis of the clinical case is relatively simple. Diarrhcea is a prominent symptom and is accompanied by a progressive wasting of the musculature, particularly of the hind quarters. There is in many cases an aroma from the recently passed freces which is almost characteristic. Acid-alcohol-fast organisms can be demonstrated in the fteces and here, as well as in scrapings from the mucous membrane of the intestine, there is a tendency for them to collect together in clumps. The difficulty of diagnosing the very early and non-clinical case has, in my opinion, been the great stumbling-block to further progress in the investigation of this disease. The resistance of the causal organism to accommodate itself to a variety of artificial media has, in the past, delayed the production of any substance which might have proved valuable where an allergic test was contemplated. Twort and Ingram (1912) were the first to record that for its growth on artificial media the presence of some other acid-fast organism or an extract prepared therefrom was necessary, and they described this factor the "essential substance". They made use of 1M. tuberculosis and M. phlei. In certain media containing a suspension of one or other of these organisms growth was possible, though slow. From such cultures they produced a diagnostic agent which they called " Johnin ", but when it was made from cultures in which dead 111. tubercutlosis had been present, a serious difficulty arose in that positive reactions, although obtained in cases of Johne's disease, were also seen in cases of tuberculosis. It was for this reason that the use of this organism as a source of the " essential substance" of Twort and Ingram was discarded and Ill. phlei-a non-pathogenic acid-fast bacillus-was substituted.
Another phase of opinion gained currency at this time and avian tuberculin was used fairly generally for the diagnosis of Johne's disease. This was probably due to the fact that at one time Johne's disease was thought to be closely allied to avian tuberculosis, if not to be the actual disease. Even to-day there are still many who adhere to this method of diagnosis, but it possesses similar drawbacks to the diagnostic agent discussed above, in that cattle suffering from avian tuberculosis-by no means uncommon in this country-will react to this agent even though they are not the subject of Johne's disease. This unsatisfactory state of affairs continued until a few years ago when there was published (Dunkin, 1928) an article in which was described a method of cultivation on a complex broth from which it was alleged a potent Johnin could be prepared. The preparation of this agent was described, as also were its method of application and its reactions on affected and normal animals. For some years it was fairly widely used, but it too fell far short of the ideal, inasmuch as the complex nature of the nutrient broth on which the organisms were grown set up considerable non-specific swelling in normal animals, and in the hands of a novice and sometimes in those of men of experience, much difficulty was experienced in deciding whether or not the animal under test was to be described as normal or affected. Because of this difficulty several attempts were made by various workers to cultivate the organism on a synthetic medium and that of Sauton received much attention.
In 1931 I was privileged to see, during a visit to the United States, the result of attempts at artificial cultivation by Dean Hagan of Cornell University, who, at that time, was using the medium described by Henley (1929) in connexion with the artificial cultivation of M. tutberculosis. With this medium in which was incorporated the dead bodies of M. phlei, Hagan succeeded in obtaining fairly good growth in a matter of three or four months, and from this he prepared a Johnin which he claimed was potent and satisfactory as a diagnostic agent. It is now possible to cultivate the organism on this medium (Dunkin, 1933) and, I believe, on other synthetic media, without the aid of the dead bodies of M. phlei or of any other acid-fast organism.
Nevertheless, artificial cultivation in this way is not the simple method it 3 85 appears to be from such a bald statement. The organism must be educated through many long and laborious stages to exist and multiply without substances which, on isolation in primary culture, appear to be essential-a procedure which may well take some years or, at any rate, many months. This organism is indeed the most difficult of the acid-fast bacilli to train in this manner, and Knight (1936) describes it in the following words: " The process of this training would appear to consist in the organisms becoming able to synthetize for themselves the special substance which they normally obtain from their host when growing parasitically, and which ordinarily (i.e. before training) must be given to them for growth in vitro in the form of other acid-fast bacilli which can synthetize the substance." Johnin, prepared from the products of such cultures and concentrated by heat or other methods, has been proved a fairly reliable diagnostic agent and can be used simultaneously with tuberculin on the same animal, without either reagent interfering with the activity of the other (Dunkin, 1935) .
Other methods of preparing a diagnostic agent have appeared from time to time. An American product (Wright, 1928) for which much success was claimed possessed one serious drawback-the tedious and time-consuming nature of the recommended technique. It consisted of the intravenous injection of the product and the subsequent recording of hourly rectal temperatures for some twelve bours. Vall6e
and Rinjard (1926) recommended the use of a watery extract of organisms grown on the surface of solid media and applied by the intradermal route.
More recently I have secured a potent Johnin by other procedures. Mature cultures on the surface of Henley's synthetic medium are collected and filtered through paper. The mass is then collected and dried in vacuo over P205, and is subsequently ground in a ball mill continuously for fourteen days. After this most of the organisms are no longer recognizable by microscopic examination and have lost their acid-fast characteristics. The powdered organisms are then collected and immersed for several days in cold water, in a vessel containing glass beads. This is vigorously shaken two or three times a day until the colour of the fluid approaches a light brown tint. At this stage the whole is filtered through a Buchner funnel with two layers of filter paper. The product is titrated roughly on affected cattle in order to arrive at an approximate estimate of its potency. A decision is made on this test whether or not concentration is necessary, and reduction to half or less of the original volume on a water bath may be indicated. The ultimate product has been found to be as potent as Johnin prepared in the orthodox way. The advantage of this method is that a larger supply of Johnin is secured, and use is made of organisms which had previously been discarded.
The success or failure of the Johnin test, as carried out by the double intradermal method (officially recommended in this country for the application of the tuberculin test [1925] ), depends mainly on two factors, namely, (1) the potency of the product and (2) the state of sensitivity of the tested animal. In these respects the problem is the same as that encountered in attempts at the early detection of tuberculosis, and in either case it is quite useless to expect good and acceptable results if the product used is not of high potency.
In the case of tuberculin the guinea-pig may be used as the test animal, but where the product concerned is required for veterinary purposes it is desirable that bovines as well as guinea-pigs should be used. In Johne's disease we are faced with the initial difficulty of having no small laboratory animal susceptible to the disease, and affected bovines are the only test animals that have so far been used for this purpose. Recently, bowever, it has been found that artificially infected goats treated by intravenous injection with large doses of cultures respond adequately to the Johnin test (Dunkin, unpublished) . It is necessary to delay initial testing for about three months after infection, but goats treated in this way can probably be used for several years. The advantage of goats for this purpose will at once be appreciated, for they not only take up less room than cattle, but are less costly to maintain.
Complement-fixation test. I believe that Twort and Ingram (1913) were the first workers to investigate the possibilities of this method of diagnosis in Johne's disease, and in the same year Bang and Andersen (1913) conducted a much larger series of experiments, using a variety of antigens. They secured the best results when human tubercle bacilli were used, and they found that when Johne's bacilli were used results were not so satisfactory. A serious drawback to this method is the extreme likelihood of tuberculous cases also giving a positive answer.
Since that time the technique of the test has greatly improved, and Hagan and Zeissig (1933) studied the question anew. In securing a satisfactory antigen, these authors encountered difficulties not unknown to others, and while in the first instance they made use of partially defatted human tubercle bacilli for this purpose, they subsequently adopted the method of Witebsky, Klingenstein and Kuhn (1931) . They found that the test was positive in cases long before symptoms appeared and remained positive until death, and it was ascertained that its most useful service was in cases where advanced disease rendered the application of the allergic test unreliable.
I do not believe that satisfactory results are likely to be seen fromn this method of testing, so long as the antigen used is prepared from organisms other than those recognized as the cause of the disease. Cross-results are almost certain to occur, and it is not unlikely that a smaller number of positive cases will yield satisfactory results.
In my own endeavours in this field of work I have had the best results when using an antigen prepared from dried and ball-milled organisms grown on media in which no other acid-fast bacillus was incorporated. The powdered organisms are suspended in water and heated at 650 C. for half an hour and allowed to stand.
The supernatant fluid is used as the antigen. In my hands fixation of complement was usual in about 80% of cases of Johne's disease. At the same time several cases of open tuberculosis have been encountered in which fixation of complement was seen, and yet on post-mortem examination no macroscopic signs of Johne's disease could be detected. At the time this work was being conducted exhaustive examination of the skeletal lymphatic system was not carried out, and it is possible that some early cases were missed. Nevertheless, it must be frankly admitted that the complement-fixation test, by whatever method applied, is as yet not a reliable or satisfactory method of diagnosis except in so far as it may be used to confirm the allergic test previously carried out.
Incubationi.-The incubation period of the disease is known to be very longmany months and possibly years-a fact which increases the difficulties in eradication schemes. One case was recently reported (Dunkin, 1935) in which it appeared that the disease was certainly congeniital, and if this was the fact the incubation period was three and half years.
Prevention.-Johne's disease is both interesting and important in the study of preventive medicine for, as with most diseases of animals and especially farm animals, the economic situation has to be borne in mind. Various methods of vaccination have been attempted, but with no success, and that which seemed at one time the most promising was prepared by Meissner and Kohlstock (1912) .
These workers used the scraped mucous membrane of the intestine from affected animals, and treated it with antiformin, and the resultant mixture was well shaken with glass beads and then filtered. After pH adjustment the filtrate was used as a vaccine. This work was published in 1912, but nothing has since appeared to 6 indicate that the procedure had any real and lasting value. The difficulties in connexion with any attempt at vaccination against Johne's disease are not unlike those met with in tuberculosis, but in any case it is true to say that there is to-day no means of vaccination against the disease, which is of the slightest value.
The resistance offered by the organism to disinfectants and agents ordinarily looked upon as lethal for most bacteria raises immense difficulties when treatment of pastures is contemplated. Twenty per cent. antiformin for half an hour does not destroy these organisms, and they appear unharmed after immersion in 10% copper sulphate for six hours. Twenty-four hours' exposure of a culture in an atmosphere of sulphur dioxide, of a concentration which would probably kill guinea-pigs and rats in fifteen minutes, has little or no effect on their vitality.
Probably the most satisfactory method of dealing with infected pastures is the application of fresh quicklime in amounts varying with the character of the soil from one to two tons an acre. When applied in this concentration in dry weather it is known by experiment that a temperature as high as 700 C. may be reached, and exposure at this degree of heat for five minutes will destroy M. paratuberculosis (Johne's bacilli).
At this stage the best and most helpful line of attack in attempting to eradicate this disease from our herds should be considered. Firstly, it is clear that anv successful method must be national in character and conception and not confined to individual farms, districts, or even counties. It is for this reason that one feels disposed to favour the admission of Johne's disease to the list of scheduled diseases, so making it officially recognized.
It is possible, I think, to carry out satisfactory eradication measures by the destruction of all open cases and the strict isolation of all positive reactors until parturition has occurred or the animals are fit for slaughter. Isolation of such cases is difficult but not impossible, for instances have occurred where cases have been kept for years on one part of a farm, while on another part a " tubercle and Johne free" herd has continued its uninterrupted course of breeding and milk production for some years, without the occurrence of either of these diseases. Such measures would not be possible in all cases, but in only a few will they be impossible, and then other means would have to be devised.
The sheep disease. The title of this address is " Paratuberculosis of cattle and sheep" and, as stated, the more usual name for the bovine disease, in this country at any rate, is Johne's disease. A disease having most of the characteristics of the bovine condition is seen in sheep and has been described by various authors.
Stockman (1909 and 1911) first recorded it in this country, and regarded it as Johne's disease of sheep. In the first of his two reports Stockman suggested that there was a possible connexion between it and scrapie (a disease of sheep seen on the eastern borders of Scotland and North England) but in his second report, published two years later, it was argued that subsequent observation did not warrant the conclusion that the disease known as scrapie is a form of Johne's disease, as it is possible that two different diseases may sometimes affect the same animal.
It is further stated that three sheep examined by Stockman showed the characteristic skin irritation of scrapie but in only one could distinct lesions of Johne's disease be found, and in animals affected in aniother outbreak, classical symptoms and lesions of Johne's disease were observed, but no irritation of the skin was noted.
I have been able to conduct an investigation into this condition in two flocks, one of which was visited and inspected. In the latter case the skin irritation recognized as a symptom of scrapie was evident in the most advanced cases, and the wool was easily pulled out, leaving a completely bare patch of skin. Loss of condition was rapid and diarrhoea was evident.
There are, howsever, two features which raise doubts as to whether the sheep and the cattle disease are the same. The organisms seen in the sheep disease, although acid-alcohol-fast, may possess certain morphological differences from the Johne's bacillus encountered in the bovine disease. Although they certainly show a tendency to clump formation, their arrangement is reminiscent rather of the distribution seen in rat leprosy, and the organisms are often longer and more slender than those seen in Johne's disease of bovines. The principal characteristic which suggests that the disease is probably not Johne's disease is the extreme difficulty experienced in attempts at artificial cultivation. Seven to eight months seems to be the usual time which must elapse before primary cultures are seen (Balfour-Jones and Dunkin, 1935) and even then only a proportion grow.
It is perhaps a somewhat bold assumption, but I think that while it is clear that there exists a condition in sheep and cattle which may be properly called paratuberculosis, the two diseases have certain differences which warrant the conclusion that they are not the same disease.
In a condition presenting such difficulties as paratuberculosis, it is not easy to suggest a means whereby this point can be settled. Branch (1933) studied various types of acid-fast organisms, other than mammalian forms of M. tuberculosis, which he had isolated from human patients, and he found that their intraperitoneal injection into white mice provided a useful aid in differentiating acid-fast bacteria which were neither true tubercle bacilli nor saprophytes. In Branch's hands, such organisms provoked multiple abscesses in the kidneys of the injected mice, whereas real tubercle bacilli or true saprophytes did not. Feldman (1935) conducted a similar series of observations with organisms obtained from cattle, but he did not meet with the success achieved by Branch. Mice inoculated with the organisms isolated by Feldman failed to produce a nephritis, and he concluded that his organisms were true saprophytes. The organism which we believe to be the cause of ovine paratuberculosis has not so far been used in this manner, but such an experiment might serve to differentiate it from the bovine organism and might well be attempted.
Although the diseases which I have only partially dealt with are not communicable to man, they have points of interest to both branches of medicine.
I have found the study of the acid-fast group of organisms one of absorbing interest, for each member of the group possesses characteristics differentiating it from another. It is curious that practically all the non-pathogenic acid-fast organisms grow with remarkable ease on most media, and in many of them multiplication is macroscopically evident in twenty-four hours. The same assertion cannot be made of the disease-producing organisms of this group. All those which have succumbed to the art of man and can now be cultivated artificially do so with a reticence, varying with the individual, which would be commendable in other circumstances, and in others, notably the leprosy bacillus, the objection to an in vitro type of existence is so strong as to amount to blunt refusal to have anything to do with it.
If I may be excused for passing, even momentarily, into the realms of fantasy and conjecture, I am tempted to ask myself if such remarkable differences as admittedly exist among organisms having so much in common may not be significant. Any denial of such a seemingly far-fetched theory must of necessity be similarly fantastic, and only the results of further scientific endeavour can clarify what is to-day a somewhat cloudy atmosphere. 7 89
